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[57] ABSTRACT

The present invention is directed to a means for com-
pensating for pressure changes in sensing devices. To
assure accurate measurements with sensing devices
immersed in a medium, it is necessary to have external
and internal pressures preferably the same or very close.
This invention provides pressure compensation through
the use of at least one but preferably a plurality of pas-
sages communicating the exterior to the interior of the
cell. The passage preferably but not necessarily is so
designed as to provide an inner portion of the passage
with a greater dimension than the remainder. In the
greater dimensioned portion of the passage is positioned
a substantially non-tensioned membrane so as to provide

a separation or barrier between the interior and exterior
of the cell.

21 Claims, 2 Drawing Figures
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1

SENSOR WITH ANNULAR PRESSURE
COMPENSATING MEANS

BACKGROUND OF THE INVENTION

The present invention is directed to sensormg appara-
tus which find utility in measuring various aspects of
liquid or gaseous mediums. More specifically, the in-
vention provides a means for pressure compensating an
amperometric sensor which utilizes a semi-permeable
membrane to separate the internal elements and the
electrolyte contained therein (and enveloping the ele-
ments) from the media being sampled, monitored or
analyzed. In this regard reference is hereby made to
U.S. Pat. Nos. 3,510,421; 3,577,332; and 3,929,603
which are hereby incorporated by reference and which
comprehensively describe the type of measurements or
analyses which are commonly made utilizing these
means. In addition, these patents also disclose the type
membranes and barriers commonly used in the sensors.
In addition, U.S. Pat. No. 3,577,332 to Porter et al
points out the need for pressure compensating means
and procedures and the problems incurred where this is
not adequately provided for.

Sensors of the type described and to which the pres-
ent invention is directed require that the membrane be
maintained in a very stable relationship with respect to
the surface of the cathode element.

Since the membranes used generally range from less
than one to five thousandths inch in thickness, they are
obviously quite fragile. Subjecting such a sensor to a
‘pressure differential between the inside and outside will
therefore cause movement of the membrane and a resul-
tant change in sensor output.

In order to avoid the above problem and maintain
sensor stability, it is necessary to provide a pressure
communications path between the electrolyte and the
external environment. Such a path may be as simple as
a poorly sealed membrane, a drilled passage through the
body, or a somewhat more elaborate opening sealed
with a flexible diaphraghm. While all of these schemes
will provide pressure compensation, they suffer such
problems as electrolyte leakage, non-electrical isolation
when used in liquid systems, and, in the case of the
diaphragm seal, a limited range of pressure compensa-
tion.

GENERAL DESCRIPTION OF THE INVENTION

As earlier described, various means have been uti-
lized for pressure compensation purposes in sensing
devices. However, each of the systems has apparent
disadvantages in that they are very specifically de-
signed, require specifically tooled pieces, are costly,
and/or require a fair amount of time to assemble. This is
true whether the means i1s a diaphragm seal or an elon-
gated eliptical tube, as disclosed in U.S. Pat. Nos.
3,577,332 and 3,929,603 respectively. In addition, the
diaphragm method provides a limited pressure compen-
sation while the tubular methods, although sufficiently
sensitive, require expensive tooling for their parts. The
present inveniors’ goal was to provide a sensor which
possessed adequate and sensitive response to pressure
changes and which was of relatively simple design to
assure ease of assembly without the need for parts re-
quiring sophisticated tooling.

Applicants discovered that if the cell was desugned SO

as to have at least one but preferably a plurality of pas-

sages from 1ts exterior to its interior communicating
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2

with the reservoir (containing the electrolyte) and the
passage was so designed to permit the positioning of a
substantially non-tensioned membrane, even acute pres-
sure compensation could be achieved because of the
direct effect on a significant portion of the electrolyte
solution. The design not only provided the obtention
and maintenance of zero pressure differential across the
membranes but permitted these results to be achieved
with a system of relatively simple design.

The mvention can be highlighted by describing such

In a typical arrangement. The cell comprises

(1) an electrically non-conductive body having an
electrolyte reservoir therein, -

(11) a pair of spaced electrodes positioned in said reser-
vorr and adapted to be joined by an electrolyte in’
sald reservoir,

(i) an opening communicating between said reser-

voir and the exterior of said body,

(iv) a thin flexible polymeric membrane permeable to
said constituent and impermeable to the electro-
lyte,

(v) mounting means maintaining said membrane
under tension over one electrode which is disposed
in said opening and in a position to close said open-
ing,

the improvement comprising a passage or passages dis-
posed in said body preferably around said electrode in
said opening and communicating between said reservoir
and the exterior of said body, the mounting means hav-
ing an opening corresponding to the opening in said
body and also having a passage or passages which ex-
tend from its exterior to its interior, which passage(s)
communicates with and corresponds in configuration
and circumferential dimension with the passage in the

body, and said membrane being held by said mounting

means between the exterior of said body and the 1nter10r
of said mounting means.

As apparent from the above description, the mem-
branes positioned over the opening and in the passage
are one and the same and preferably one piece cut to
match the shape and size of the body and mounting
means. For ease of assembly it is desirable to have one
piece of membrane which is thus easily tensioned by the
mounting means not only over the electrode but in a
slackened position to act as the pressure compensatmn
means. Utilizing the same membrane moreover insures
that the pressure changes will be consistently reflected
on both the tensioned and the untensioned portions
since both of course are made of the same material.

In a preferred embodiment, the passage or passages in

both the body and the mounting means are demgned SO .

as to provide the passage(s) with a differential in size.

More specifically, the passage in the exterior of the

body is somewhat larger in dimension than the remain-
ing of the passage communicating with the reservoir.
Likewise, the passage(s) on the interior of the mounting
means 18 larger in dimension than the passage on its
exterior. The passages, for uniformity, in the body and
the mounting means should correspond in conﬁguratlon
and dimension. The membrane for pressure compensa-
tion is held in the larger dimensioned area also in a
non-tensioned manner. This design is preferred for pro-
duction and assembly purposes and accordingly i s the
embodiment featured in the drawings.

In order to provide the membrane over the openmg
with the proper tension, the teohmque patented in U.S.
Pat. No. 3,887,194, which is hereby incorporated by
reference, is employed. It should also be noted that
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modification of the technique of the patent also permits

the attainment of the loose, non-tensioned membrane in
the pressure compensating passages. More specifically,

the O-ring which provides tensioning of the membrane
over the electrode is placed in an annular groove having
. afloor angled (from small depth to greater depth) away
“from the electrode. The annular groove (outside of the
pressure compensating passages) bearing the O-ring
which holds the membrane for the pressure compensat-
ing passage 1s angled toward the electrode opening, i.e.
small depth on outside with greater depth of groove
‘towards the interior of the cell. Operationally what
happens upon tightening of the mounting means over
the O-rings in the groove is that the O-rings in the
groove holding the membrane are compressed and flow
away from the electrode, thus tensioning such over the
electrode. In contrast, the O-rings in the groove holding
the membrane in the passages, when compressed, flow
toward the center of the cell, thereby pushing the mem-
brane to the center of the passage. Aeeerdmgly, the
non-tensioned feature is attained. |
To fully realize the advantages of the present inven-
tion there are three membrane areas to be considered:
the first membrane area (hereafter referred to as the
“passage area’) is that which 1s contained between the
passages; the second area (referred to as the “total open-
ing area’’) is that area of the membrane which seals the
body opening; and the third area (referred to as the
“unsupported opening area’) is that membrane area
which seals the body opening but which is not in

~ contact with the supporting element or electrode. It is

desirable that the passage area be larger within reason
than the unsupported opening area. This assures a
greater area of response to pressure changes and move-
ment of the membrane within the passages is preferen-
tial to that over the cathode. It is this feature which of
course determines the number, size and depth of the
respective passages. If the passages differ in size as de-
picted in FIG. 1, the only critical parameter that must
be observed is to assure that smaller passages are large
enough to provide no restriction to fluid flow and thus
assure rapid response of the membrane to changes in
pressure.

SPECIFIC EMBODIMENTS

FIG. 1 is an enlarged vertical cross-sectional view of
~ the electrochemical cell depicting passages with differ-
ent circumferential dimensions. More specifically, Cell
100 is composed of cylindrical, electrically non-conduc-
tive body 1 and mounting means or cap 15. Body 1 has
opening 2 and reservoir 3 which contains electrolyte 4.
Electrode 5 (normally the anode) is depicted in the form
of a helical wire but may be an embedded electrode and
is wrapped around central electrically non-conductive
element 10 which leads to terminal 7. Electrode 8 (nor-
mally the cathode) is embedded in and flush with the
end of element 10. Electrodes S and 8 are connected to
terminal 7 by means of conductors 6 and 9 respectively.
- Terminal 7 includes well-known appropriate electrical
connections, not shown, for connecting the cell to an
external circuit. Body 1 contains grooves 12 fitted with
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outward and thus provide the appropriate tension. It
will be noted that the outside grooves are angled oppo-
site (smallest depth farthest away from the opening) to

permit the obtention of the loose or non-tensioned mem-
brane in the dimensional space in the combined pas-
sages. .

- In accordance with the invention, cap 15, which has

an opening 20 concentric with electrode 8 as viewed

~ from the cap side of the cell (FIG. 2) possesses passages
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O-rings 11 which obviously allows cap or mounting

means 15 to securely fasten and tension membrane 16
against electrode 8 and body 1. The grooves 12 are
depicted as having a floor angled approximately 10° in
accordance with the invention of U.S. Pat. No.
3,887,194. The smaller depth of the groove is inward
toward the opening which permits the O-ring to roll

63

as part of the pressure compensation design. Passage 13
through body 1 terminates at the exterior of the body
with larger dimensional portion of passage 14. Like-
wise, cap 15 has passage 18 from its exterior to its inte-
rior where it terminates as larger dimensional portion of
passage 19. Although the Figure illustrates two such
passages, 1t 1s obvious that one but preferably a plurality
of individual passages as described may be utilized. It is
apparent that as the number of passages or areas thereof
increases, the sensitivity to pressure change is enhanced.
F1G. 2 1s a view of the electrode cap side of the cell.
Cap 15 1s bolted to body 1 (not shown) by bolts 17.
Opening 20 of cap surrounds concentrically supporting
central element 10 bearing electrode 8, both of which
are covered by membrane 16. Disposed around opening
20 and electrode 8 are passages 18 in cap 15, exposing
membrane 16 which is positioned beneath cap 15. Also
depicted by way of broken lines 30 is a preferred
method of producing the larger dimensional cavities or
passages earlier described. Since the objective of the
invention is to provide a pressure compensation system
which is easily assembled, it is desirable in machining
the body 1 and cap 15 is also machine a channel of
semi-circular cross-sectional shape and of particular and
corresponding dimensions in each annular to the respec-
tive openings of the cap and body. This channel is de-
picted -as 30 in FIG. 2 and if the larger dimensional
cavity is considered annular in FIG. 1 it would be re-
spectively 14 and 19. It 1s apparent that if this preferred
method is utilized, then all that is required to produce
the pressure compensating passages is merely the dril-
ling of passages 18 and 13 through cap 15 and body 1.
When a one-piece membrane is utilized for both sensing
and pressure compensation, it is apparent that the as-
sembly is quite simple and completed rather quickly.

Typical Dimenstons of Standard Oxygen Cell

Length of Cell with cap (100) 3 inches -
Diameter of Cell 100 1 1/2 inches
Diameter of opening 20 3/8inch
Diameter of passages 14 and 19 |

(or width of groove 30) 1/8 inch- -
Length of passage 18 ‘ 1/16 inch
Depth and width of channel 30

(or passages 14 and 19) 1/16 inch

Diameter of non-conductive element 10 slightly less

than 3/8 inch

Diameter of electrode 8§ 5/16 inch
Length of passage 13 3/8 inch
Depth and width of channels 1/16 inch

While we have shown and described several embodi-
ments in accordance with the present invention, it is
understood that the same is not limited thereto but is
susceptible of numerous changes and modifications as
known to those skilled in the art, and we therefore do
not wish to be limited to the details shown and de-
scribed herein but intend to cover all such changes and
modifications as are encompassed by the scope of the
appended claims. -

What is claimed is:
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1. A cell for electrochemlcal analyms of a constltuent
in a sample comprising |

(1) an electrically non—cenductlve body havmg
electrolytlc reservoir therein, .

(1) a palr of spaced electrodes posmoned in said reser-
voir and adapted to be joined by an electrolyte in
said reservoir, |

(1ii) an opening cemmumcatmg between said reser-
voir and the exterior of said body, S

(iv) a thin flexible polymeric membrane permeable to
said constituent and impermeable to the electro-
lyte, and

(V) mountmg means maintaining said membrane
under tension over one electrode which 1s disposed
in said opening and in a position to close said open-
ing,

the improvement comprising at least one body passage
disposed in said body and communicating between said
reservoir and the exterior of said body, the mounting
means having an opening corresponding to the opening
in said body and at least one passage corresponding in
configuration and dimension with said body passage
and communicating with said body passage, and a mem-
brane being compressed by said mounting means be-
tween the exterior of said body and the interior side of
said mounting means so as to provide a flexible, substan-
tially non-tensioned separation between the exterior of
said mounting means and said reservoir.

2. A cell according to claim 1, wherein the electrodes
are supported on an electrically non-conducting cen-
trally located element positioned so that one end is in
said opening.

3. A cell according to claim 2, wherein one electrode
is embedded in said element at the end positioned in said
opening and said membrane closing said openings is in
contact and is supported by said electrode and said
element.

4. A cell according to claim 1, wherein the total area
of the passage membrane is the same or greater than the
total opening area thereof.

5. A cell according to claim 1, wherein the mounting
means and the body are each provided with a channel,
semi-circular in shape, which is annular to the respec-
tive openings, which channel serves as the area of the
passage of the mounting means and of the body, where
the membrane of the passage is positioned.

6. A cell according to claim 5, wherein the total area
of the passage membrane is the same as or greater than
the total opening area thereof.

7. A cell according to claim 6, wherein the electrodes
are supported on an electrically non-conducting, cen-
trally located element positioned so that one end is in
said opening.

8. A cell according to claim 7, wherein one electrode
is embedded in said element at the end positioned in said
opening and said membrane closing said opening is in
contact and substamntially supported by said electrode
and said element.

9. A cell according to claim 1, wherein the area of
said membrane in said passage is equal to or greater than
the area of the membrane in said opening which is not
supported by said electrode.

16. A cell according to claim 9, wherein the elec-
trodes are supported on an electrically non-conducting,
centrally located element positioned so that one end 1s
in said opening.

11. A cell according to claim 10, wherein one elec-
trode is embedded in said element at the end positioned

6

in said epeni-ﬁg and said membrane closing said opening
is in contact and being substantially supported by said

electrode.and said element.
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12. A cell according to claim 11, wherein the mount-

ing means and the body are provided with a channel,

semi-circular in shape, which is annular to the respec-
tive openings, which channel serves as the area of the
passage of the mounting means and the body where the
membrane of the passage is positioned.

13. A cell according to claim 1, wherein the body of
the cell is provided with (i) a groove annular to the
opening which is fitted with an O-ring, said groove
having a floor angled so as to have a greater depth away
from said opening, and (ii) a second groove fitted with
an O-ring annular to said passage, said groove having a
floor angled so as to provide the greater depth toward
said opening, to assure when said O-rings are com-
pressed by said mounting means that the membrane is
tensioned in said opening but substantially non-ten-
sioned and slack in said passage.

14. A cell according to claim 13, wherein the floors of
the grooves are angled to about 10°,

15. A cell for electrochemical analysis of a constitu-
ent in a sample comprising

(1) an electrically non-conductive body having an
electrolytic reservoir therein,

(i1) a pair of spaced electrodes positioned in said reser-
voir and adapted to be joined by an electrolyte in
said reservoir,

(11i) an opening communicating between said reser-
voir and the exterior of said body,

(iv) a thin flexible polymeric membrane permeable to
said constituent and impermeable to the electro-
lyte, and

(v) mounting means maintaining said membrane
under tension over one electrode which is disposed
in said opening and in a position to close said open-
ing,

the improvement comprising at least one body passage
disposed in said body and communicating between said
reservoir and the exterior of said body with a portion of
the passage on the exterior of said body being of a larger
dimension than the remaining portion of said passage
communicating with the reservoir, the mounting means
having an opening corresponding to the opening in said
body and having at least one mounting means passage
which extends from an exterior side thereof to an inte-
rior side thereof, said passage corresponding in configu-
ration and dimension with said body passage and com-
municating with said body passage, and a membrane
being compressed by said mounting means between the
exterior of said body and the interior side of said mount-
ing means and in said larger dimensional portions of
both passages so as to provide a flexible, substantially
non-tensioned separation between the exterior of said
mounting means and said reservoir.

16. A cell according to claim 15, wherein the elec-
trodes are supported on an electrically non-conducting,
centrally located element positioned so that one end is
in said opening, and wherein one electrode is embedded
in said element at the end positioned in said opening and
said membrane closing said openings is in contact and is
supported by said electrode and said element.

17. A cell according to claim 15, wherein the total
areca of the passage membrane i1s the same or greater
than the total opening area thereof.

18. A cell according to claim 15, wherein the mount-
ing means and the body are each provided with a chan-
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nel, semi-circular in shape, which is annular to the re-
spective openings, which channel serves as the larger
dimensional area portions of the passage of the mount-

ing means and of the body, and which channels are

connected to the interior and exterior of the cell by the
small dimensional passages.
19. A cell according to claim 18, wherein the total

area of the passage membrane is the same as or greater
than the total opening area thereof.

20. A cell according to claim 15, wherein the body of 10

the cell 1s provided with a groove annular to the open-
ing which is filled with an O-ring, said groove having a

15

20

25

30

35

45

50

25

65

8

floor angled so as to have a greater depth away from
said opening, and a second groove filled with an O-ring
annular to said passages, said groove having a floor
angled so as to provide the greater depth toward said
opening, to assure when said O-rings are compressed by
said mounting means that the membrane is tensioned in
said opening but substantially non-tensioned and slack
in said passage.

21. A cell according to claim 20, wherein the ﬂoors of

the grooves are angled to about 10°,
®x %X % % %
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